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Abstract. The paper deals with the designing of a combustion chamber of the Stir¬ 
ling engine using the CFD approach. Virtual prototypes enabled to optimize the 
parameters in the combustion chamber, to increase efficiency of the energy conver¬ 
sion, and to decrease emissions. The presented results help to increase the Stirling 
engine efficiency together with a significant time decrease of development process. 


1 Introduction 

Efficient utilisation of biomass for energy can be achieved with a minimum of en¬ 
vironmental impact if biomass is used for small-scale combined heat and power 
(CHP) production in smaller towns and villages close to biomass production sites 
as well as in the wood processing industries. In the range of an electric power out¬ 
put up to 100 kW e i Stirling engines are presently the only useful technology for 
CHP generation based on solid bio-fuels which has the potential to meet the tech¬ 
nical end economical demands in an environmental way [1]. 

Stirling engines for CHP plants using gas as fuel have been developed for more 
than five years at the Brno University of Technology, Institute of Automotive En¬ 
gineering. As a part of these activities a 500 W pilot Stirling engine was build. 
The pilot engine development has been supported by advanced computational 
modelling. 

Requirements for computational modelling of different physical phenomena 
rise in the present time. Dynamics of Stirling engine components or dynamics of 
fluid processes of external heat supply engines are specific which is given by the 
fact that the course of observed values (force, temperature, pressure, heat transfer, 
etc.) is periodical [3]. 

Modern computational models like Multi-body System (MBS), Finite Element 
Method (FEM) or Computational Fluid Dynamics (CFD) deliver relatively accu¬ 
rate results but only if correct inputs are included. This represents a fundamental 
drawback of modern computational methods. The correct inputs can be greatly ob¬ 
tained from measurements, therefore, the measurements are continuously a fun¬ 
damental part of the Stirling engine development. 
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The development of a Stirling engine starts with an initial design of thermody¬ 
namic engine parameters. These proposals significantly affect engine geometry 
(engine displacement, working medium etc). However, there are still many restric¬ 
tions, one of the strictest ones is the economical aspect and this has to be carefully 
considered. 
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Fig. 1 . CAE models and first prototype of Stirling Engine 


After the main engine parameters are proposed the accent is changed to ad¬ 
vanced CAE (Computer Aided Engineering) computational models. CAE models 
of the Stirling engine are presented in Figure 1. Stirling engine geometry is set to 
an initial cranktrain position for the start of all simulations. If flow processes are 
to be studied, a volume of a working medium (for CFD calculations) has to be 
created by a subtraction of a Stirling engine CAD model from a properly chosen 
volume. The design phase finishes with a real prototype of the Stirling engine. The 
real prototype engine also enables to validate CAE calculation results. 

2 Stirling Engine Combustion Chamber 

The main objective of the Stirling combustion chamber development is to ensure a 
uniform heat transfer to the heater tubes, beside a reduction of the internal mani¬ 
fold volume, and to adapt the geometry of the Stirling heater in order to allow an 
efficient implementation of components like a burner or an intake manifold. The 
CAD model of resultant version of Stirling engine combustion chamber is pre¬ 
sented in Figure 2. 

The Stirling heat exchanger includes 24 u-shaped tubes connected to the cylin¬ 
der side. The burner is positioned in a combustion chamber axis and can be axially 
moved. The intake manifold is placed tangentially to a outer cover of the combus¬ 
tion chamber and enables efficient air warm-up. 
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Fig. 2. CAD model of Stirling combustion chamber 


3 Design of Combustion Chamber Volume 


During the development phase a number of versions of air intake manifolds have 
been investigated. The experiences as well as CFD results confirmed the tangen¬ 
tial position of the intake manifold. 
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Fig. 3. Combustion chamber outer volume design versions and results 
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Figure 3 shows the CFD computational model and result examples of two ver¬ 
sions - intake manifold located centrally and tangentially to the combustion cham¬ 
ber outer cover. The tangentially placed intake manifold reduces flow losses and 
enables a better warm-up of air compared to the centrally placed intake manifold. 


4 Burner Position Solution 


The proposed pilot Stirling engine fuel is gas supported from a gas-bottle. Gas en¬ 
ters the combustion chamber thru a nozzle and a burner. Air and gas mixture burns 
and resultant heat is distributed to the heat exchanger pipes. 

A burner position can be axially changed to achieve the optimal combustion 
process. First burner designs showed large non-uniform temperature distribution 
on the heat exchanger pipes. After a few design modification the final design has 
been proposed and suitable temperature distributions have been achieved. The ax¬ 
ial position of the burner pipe can be easily adjusted for the best working condi¬ 
tions. Figure 4 presents details of three burner pipe positions and results (pressures 
and velocities) on section plane for the final burner design. 
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Fig. 4. Burner position description and results 
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6 Conclusion 

The combustion chamber of the Stirling engine with electric power output 500W 
has been successfully resolved and the experience enable to produce a new com¬ 
bustion chamber for more powerful Stirling engines prepared by our team of re¬ 
searchers. Computational models of thermodynamic processes in the combustion 
chamber and in the Stirling engine respectively have been created as higher-level 
computational models based on CFD models of physical processes occurring in 
real units, using only the minimum simplifying assumptions. Developed and suc¬ 
cessfully verified computational models will be greatly used before the future, 
more powerful Stirling engine is made. All performed technical experiments will 
also offer advances in the future. Computational models and technical experiments 
will speed up the development of Stirling engines with better technical and eco¬ 
nomic parameters. 
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